Regulation of cardiac sarcoplasmic reticulum calcium transport by calcium-calmodulin-dependent phosphorylation.
Cardiac sarcoplasmic reticulum contains an endogenous calcium-calmodulin-dependent protein kinase and a 22,000-Da substrate, phospholamban. This kinase is half-maximally activated (EC50) by 3.8 +/- 0.3 microM calcium and is absolutely dependent on exogenous calmodulin (EC50 = 49 nM). To determine the effect of this phosphorylation on calcium transport, sarcoplasmic reticulum vesicles (0.5 mg/ml) were preincubated under conditions for optimal phosphorylation (50 mM potassium phosphate, pH 7.0, 10 mM MgCl2, 0.5 mM EGTA, 0.478 mM CACl2, 0.1 microM calmodulin, 0.5 mM ATP). Control sarcoplasmic reticulum was preincubated under identical conditions but in the absence of ATP to avoid phosphorylation. Both control and phosphorylated vesicles were centrifuged and resuspended in 0.3 M sucrose, 20 mM Tris-HCl, 100 mM KCl, pH 7.0, to remove calmodulin and subsequently assayed for calcium (45Ca) transport in the presence of 2.5 mM Tris-oxalate. Phosphorylation of sarcoplasmic reticulum vesicles by calcium-calmodulin-dependent protein kinase resulted in a significant increase (2- to 4-fold) in the rate of calcium transport at low calcium concentrations (less than 3 microM), while calcium transport was minimally affected at higher calcium. Hill coefficients (n) derived from Hill plots of transport data showed no difference between control and phosphorylated sarcoplasmic reticulum (n = 2.0), indicating that phosphorylation does not alter the cooperativity between calcium sites on the calcium pump. The EC50 for calcium activation of calcium transport by control vesicles was 0.86 +/- 0.1 microM calcium, and phosphorylation of phospholamban decreased this value to 0.61 +/- 0.07 microM calcium (n = 7, p less than 0.028), indicating an increase in the apparent affinity for calcium upon phosphorylation. These results were found to be specific for calcium-calmodulin-dependent phosphorylation of phospholamban. Control experiments on the effects of the reactants used in the phosphorylation assay and subsequent centrifugation of sarcoplasmic reticulum showed no alteration of the rate of calcium transport. Therefore, the calcium pump in cardiac sarcoplasmic reticulum appears to be regulated by an endogenous calcium-calmodulin-dependent protein kinase, and this may provide an important regulatory mechanism for the myocardium.